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Effects of ultraviolet radiation and degraded water quality on
growth and survival of Bufo marinus tadpoles
Brenna Levine
Department of Fish, Wildlife, and Conservation Biology, Colorado State University

ABSTRACT
Amphibian species worldwide are currently experiencing population declines and decreased ranges. This decrease in
amphibian populations is due in part to habitat degradation such as canopy cover loss and decreased water quality. Other
amphibian species, however, such as Bufo marinus, are experiencing population growth and global expansion. In this study, I
tested the effects of loss of canopy cover and degraded water quality on growth and survival of B. marinus tadpoles by
exposing them to conditions of elevated levels of ultraviolet radiation, degraded water quality, and a combination of these
two factors. I found that B. marinus tadpoles have high survivorship and low rates of mortality when exposed to ultraviolet
radiation and degraded water quality separately. When these two environmental stresses are combined, however, B. marinus
tadpoles experience low survivorship and high rates of mortality. These results provide insight into why B. marinus is
experiencing population expansions, population increases, and why it has become an invasive species in many countries
while native anurans are going extinct.

RESUMEN
Alrededor del mundo las especies de anfibios están experimentando actualmente una disminución en las poblaciones y en el
rango de distribución. Esta disminución es en parte debido a la degradación del hábitat como perdida de cobertura de dosel y
disminución en la calidad del agua. Otras especies de anfibios, sin embargo, como Bufo marinus, están experimentando
crecimiento en las poblaciones y expansión global. En este estudio, probé el efecto que ejerce la pérdida de cobertura del
dosel y la degradación de la calidad del agua en el crecimiento y sobrevivencia de renacuajos de B. marinus exponiéndolos a
condiciones de elevada radiación ultravioleta, degradación de la calidad del agua y la combinación de estos factores.
Encontré que los renacuajos de B. marinus tienen una mayor sobrevivencia y bajas tasas de mortalidad cuando están
expuestos a radiación ultravioleta y agua de baja calidad separadamente. Cuando estos dos factores son mezclados, sin
embargo, los renacuajos de B. marinus experimentan baja sobrevivencia y altas tasas de mortalidad. Estos resultados dan una
idea de que las poblaciones de B. marinus están aumentando y el porque está especie se ha convertido una especie invasiva
mientras otras especies nativas se están extinguiendo.

INTRODUCTION
Amphibian species worldwide are currently experiencing population declines (Blaustein et al. 2003;
Puschendorf et al.; 2006 Nystrom et al. 2007). Simultaneously, due to the rapidly growing human
population and consequent land development, habitat alteration is increasing. Habitat alteration includes
such drastic effects as loss of canopy cover in riparian habitats and degradation of water quality which
can directly affect amphibian populations.
Although habitat alteration affects adult amphibians, tadpoles and larvae are specifically at risk
due to their dependency on water and consequential inability to leave degraded areas. Loss of canopy
cover may expose anuran tadpoles to increased levels of ultraviolet radiation and higher water
temperatures. Thus, loss of canopy cover and increased exposure to ultraviolet radiation can cause both
sub-lethal and lethal effects in amphibians (Crotaeu et al. 2008). For example, development and growth
in Leptodactylus is related to temperature and exposure of sunlight to aquatic habitats, and
Leptodactylus tadpoles experience decreased growth under exposed conditions free of canopy cover
(Ernst et al. 2007). Additionally, Rana cascadae larvae showed decreased growth and increased
presence of physical abnormalities when exposed to higher levels of ultraviolet radiation (Romansic et

al. 2009). Tadpoles are also susceptible to changes in water quality due to application of fertilizers and
pesticides to nearby land. For example, hatching success of Rana pipiens is negatively correlated with
the level of water contamination (Karasov et al. 2007). Additionally, the combination of nitrite water
contamination and elevated levels of ultraviolet light is seven times more lethal to Bufo bufo tadpoles
than nitrite or ultraviolet light separately (Macia et al. 2007).
While many amphibian species are experiencing population declines due to loss of canopy cover
and degraded water quality, others, such as the invasive Cane Toad (Bufo marinus), have been rapidly
colonizing areas where they were introduced by humans and are currently experiencing population
growth and increased distribution (Phillips et al. 2003; Phillips et al. 2007). The purpose of this study
was to determine the effects of loss of canopy cover and degradation of water quality on B. marinus
tadpole growth and survival. If growth and survival of B. marinus tadpoles is higher under the adverse
conditions of degraded water quality and loss of canopy cover, this result could shed light on why this
species is so invasive.

MATERIALS AND METHODS
Study Organisms
The organism that was tested in this experiment was the Bufo marinus tadpole. B. marinus is Costa
Rica’s largest amphibian and the largest lowland toad that occurs between Texas and Central Brazil
(Zug 1983). This species is widespread in Costa Rica and is common to disturbed areas near human
development (Savage 2002). It is an invasive species that has been introduced to over 40 countries
including Guam and Australia, where it has since spread throughout the continent (Christy et al. 2007;
Phillips et al. 2007). Adults and especially larvae of B. marinus are dependent upon water pools for
growth and survival as they are highly susceptible to desiccation (Zug and Zug 1979).
Tadpole Capture
I collected 160 B. marinus tadpoles from a man-made pond located approximately 160 meters south of
the road leading to the Estación Biológica de Monteverde and approximately 40 meters east of Alan
Masters’ house in Monteverde, Costa Rica. Tadpoles were collected using a hand-held net with fine
mesh. Upon capture, tadpoles were immediately transferred to a bucket filled with water from this
pond. I only collected tadpoles that were of approximately the same size and developmental stage.
Tadpoles were only collected if they had no back legs or partial back legs, and no sign of front leg
development. Identification of the tadpoles as B. marinus was made using a dichotomous key
(Savage 2002).
Tadpole Husbandry
Tadpoles were housed in plastic Glad brand containers until trials began. They were fed 1 gram of fish
food in their holding containers on the day of capture. The tadpoles were kept in 400 milliliters of tap
water until trials commenced. During the course of the experimental trials, tadpoles were fed 1 gram of
fish food two times per week.
Experimental Set-Up
Each of four treatments were represented in ten plastic Glad containers, the treatments being clean water
with no ultraviolet radiation, contaminated water with no ultraviolet radiation, clean water with
ultraviolet radiation, and contaminated water with ultraviolet radiation. These containers were then
thoroughly rinsed with tap water to remove any dust particles. 400 milliliters of tap water was then used
to fill each plastic container.
All containers within the clean water/no ultraviolet radiation treatment and the contaminated
water/no ultraviolet radiation treatment were separated from the containers within the ultraviolet

radiation treatments via a large black plastic garbage bag that acted as a wall. The twenty containers on
each side of the wall were arranged in three vertical columns.
To test the condition of decreased water quality on tadpole growth, a soap solution was created
by mixing 25 milliliters of tap water with 0.5 grams of Axion brand detergent. Ten drops of this
solution were then added using an eye dropper to each container within the contaminated water
treatments. To determine the soap concentration needed to contaminate the water, two tadpoles were
placed in each of five containers filled with 400 milliliters of tap water and varying numbers of drops of
this solution were added to each container. The soap concentrations tested were six drops, eight drops,
ten drops, twelve drops, and fourteen drops of the solution. Ten drops of the soap solution was chosen
as it was the highest concentration tested that did not kill the tadpoles. To test the condition of loss of
canopy cover and consequent increase in ultraviolet radiation exposure, a lighting system consisting of a
linear circuit of five ultraviolet lights was constructed and hung twenty centimeters above the center
column of containers within the ultraviolet radiation treatments. The lighting system produced an
ultraviolet radiation intensity of 3 compared to 0 without the lighting system. Pebbles were placed in
one corner of each container to allow tadpoles that metamorphosized during the experiment to be able to
crawl partially out of the water.
The experimental set-up is diagramed in Fig. 1.

Fig. 1. Experimental design. Tadpoles were randomly assigned to one of the four following treatments:
clean water with no ultraviolet radiation, contaminated water with no ultraviolet radiation, clean water
with ultraviolet radiation, and contaminated water with ultraviolet radiation.
Experimental Trials
Experimental trials were conducted in the lower lab of the Estación Biológica de Monteverde in
Monteverde, Costa Rica from April 23, 2009 to May 4, 2009. Tadpoles were randomly assigned to a
treatment and a container within a treatment so that four tadpoles were assigned to each container.
Each tadpole was then removed from its home container and weighed by blotting the tadpole off on a
paper towel to remove water and then placing the tadpole on a scale. Tadpole weights were then

summed for each container as the identities of individual tadpoles were unknown. Tadpoles were placed
in their assigned containers. After all of the tadpoles were placed in their respective containers, all
containers were covered with mosquito nets to prevent insects that were attracted to the ultraviolet light
from entering the water. The mosquito nets also kept tadpoles that metamorphosized during the
experiment from escaping. At this time, the ultraviolet lighting system was turned on and trials began.
Each day, tadpole mortality within each container was assessed. If mortalities occurred within a
container, the death was recorded and the dead tadpole was immediately removed and disposed of.
Every other day, surviving tadpoles were removed from their containers and weighed using the
previously described method. Each day that the tadpoles were weighed, the water within each container
was replaced with 400 milliliters of new tap water, and ten drops of the soap solution were added to the
containers within the contaminated water treatments.
Statistical Analyses
A Kruskal-Wallis test was used to determine if there was a significant difference between the average
numbers of tadpoles alive per container on the final day of measurements. A Kolmogorov-Smirnov test
was used to determine if there was a significant difference between the mortality rates for each
treatment. Tadpole weights were analyzed using a Kruskal-Wallis test. The Kruskal-Wallis test was
used to determine if the total average weight loss of an individual tadpole differed between treatments.
Weight loss was analyzed, rather than weight gain, because tadpoles lose mass as they grow and
metamorphosize.

RESULTS
Tadpole Growth
No significant difference between the total average weight loss of tadpoles in the four treatments was
detected (K-W: χ2 = 3.4929; df = 3; p = 0.3217; Fig. 2). The average total weight lost by an individual
in each of the treatments was approximately equal regardless of the environmental conditions in which
they were exposed to. Average weight lost by an individual in the four treatments ranged was 0.0696 +
0.0406 grams in the clean water/no ultraviolet radiation treatment, 0.0748 + 0.0256 grams in the
contaminated water/no ultraviolet radiation treatment, 0.0938 + 0.0240 grams in the clean
water/ultraviolet radiation treatment, and 0.0968 + 0.0077 grams in the contaminated water/ultraviolet
radiation treatment.
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Fig. 2. Average (+ SE) total change in weight (g) for individual B. marinus tadpoles within four
treatments. Tadpoles were weighed every other day from April 23, 2009 to May 4, 2009 in Monteverde,
Costa Rica.
Tadpole Survivorship
Average Tadpole Survivorship
There was no significant difference between the total survivorship of tadpoles within all of the
treatments (K-W: χ2 = 7.1752; df = 3; p = 0.0665; Fig. 3), but a strong trend was visible. The average
number of tadpoles that survived per container was much larger in the contaminated water/no ultraviolet
radiation and the clean water/ultraviolet radiation treatments. Clearly, even though a significant
difference in survivorship between treatments was not detected, survivorship in the contaminated
water/no ultraviolet radiation treatment was noticeably higher than in the other treatments.
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Fig. 3. Average (+ SE) B. marinus tadpole survivorship across four treatments. Mortality was assessed
daily from April 23, 2009 to May 4, 2009 in Monteverde, Costa Rica.
Rate of Tadpole Mortality
There was a significantly higher rate of tadpole mortality in the clean water/no ultraviolet radiation
treatment than in the contaminated water/no ultraviolet radiation treatment (Dmax = 0.4412; n1 = 34; n2
= 20; 0.01 < p < 0.05; fig.4). The rate of mortality in the contaminated water/ultraviolet radiation
treatment was much greater than the rate of mortality in the clean water/no ultraviolet radiation
treatment (Dmax = 0.44; n1 = 34; n2 = 34; p < 0.01; fig.4) The rate of mortality in the contaminated
water/ultraviolet radiation treatment was higher than in the contaminated water/no ultraviolet radiation
treatment. (Dmax = 0.7029; n1 = 20; n2 = 34; p < 0.01; fig.4).
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Fig.4. B. marinus tadpole survivorship across 4 treatments over a 12 day period. This experiment was
conducted in the lower lab of the Estación Biológica in Monteverde, Costa Rica. Exposure to ultraviolet
represents loss of canopy cover and subsequent exposure of tadpoles to elevated UV levels.

DISCUSSION
There was no difference detected between the average tadpole weight losses within the four treatments
because neither ultraviolet radiation, degraded water quality, nor the interaction of these two
environmental factors slowed tadpole growth. Tadpoles within these treatments continued to develop in
the same way that the tadpoles in the clean water/no ultraviolet radiation treatment developed. Previous
studies have shown that degraded water quality, ultraviolet radiation, and their interaction can cause
decreased growth in anurans. Rana cascadae larvae exhibited decreased growth when exposed to
elevated levels of ultraviolet radiation (Romansic et al. 2009). Additionally, Leptodactylus tadpoles
experienced decreased growth when exposed to elevated levels of ultraviolet radiation (Ernst et al.
2007). Because Bufo marinus tadpoles that were exposed to elevated levels of ultraviolet radiation and
degraded water quality experienced the same average growth as those tadpoles not exposed to these
adverse conditions, I believe that B. marinus tadpoles have a higher tolerance for adverse environmental
conditions than other anuran species. This higher tolerance to environmental stress could be a factor
that allows B. marinus to be an invasive species. In the face of climate change and habitat destruction in
which water quality in aquatic systems is often times degraded and canopy cover over aquatic systems is
often times lost, B. marinus may be able to continue to rapidly colonize new systems and to extend its
natural range by being less affected or unaffected by these conditions. Additionally, since the growth of
tadpoles in other anuran species is negatively affected by these environmental stresses, B. marinus may
be able to outcompete native anurans for resources.
Because there were significant differences between the rates of mortality of tadpoles within the
four treatments, it is clear that ultraviolet radiation and degraded water quality have an effect on the rate
of tadpole mortality. Additionally, because there was almost a significant difference between the overall

final survivorship per container within a treatment, ultraviolet radiation and degraded water quality may
have an effect on survivorship as well. The lowest rate of tadpole mortality and highest survivorship
occurred in tadpoles within the contaminated water/no ultraviolet radiation treatment. Additionally, the
second lowest rate of tadpole mortality and the second highest survivorship occurred in the clean
water/ultraviolet radiation treatment. Interestingly, the highest rate of tadpole mortality occurred in the
contaminated water/ultraviolet radiation treatment. It seems to me that individually, degraded water
quality and ultraviolet radiation have positive effects on tadpole survival. Tadpoles may fare better in
degraded water quality because they prefer higher phosphorous levels. Additionally, ultraviolet
radiation causes B. marinus tadpoles to have higher survival than when tadpoles of the same species are
not exposed to ultraviolet radiation.
Because the lowest survival and highest rate of mortality occurred in the contaminated
water/ultraviolet radiation treatment, it seems that the combination of two factors that produce positive
effects when separate produce an extremely negative effect when combined. Other studies have been
conducted on the interaction of two positive factors producing negative results. For example, in a study
of Rana clamitans, it was discovered that the chemical compounds carbaryl and nitrate had positive
effects on R. clamitans survival when they were present separately, yet negative effects when they were
present together (Boone et al. 2005). There may be several reasons why ultraviolet radiation and
degraded water quality have positive effects on tadpole survival when separate and combine to produce
a negative effect. First, the ultraviolet radiation may alter a chemical present in the soap solution that
was added to contaminate the water. There may be a compound present within the soap solution that is
harmless until altered by ultraviolet radiation. Additionally, ultraviolet radiation may alter the tadpoles’
ability to cope with degraded water quality conditions. It may be that tadpoles are able to survive in
degraded water quality conditions only as long as no other environmental stresses are present. In the
same way, the degraded water quality may alter the tadpoles’ ability to cope with elevated levels of
ultraviolet radiation. Finally, it is interesting to note that overall average tadpole survival was equal
between the clean water/no ultraviolet radiation treatment and the contaminated water/ultraviolet
radiation treatment. Overall, it seems that the absence of either factor or the presence of both factors
creates lethal conditions for B. marinus tadpoles. Although the rate of mortality was significantly higher
in the contaminated water/ultraviolet radiation treatment than in the clean water/no ultraviolet radiation
treatment, the overall survivorship in both treatments was low.
These results lead me to wonder, however, the frequency at which habitats are disrupted without
both losing canopy cover and creating degraded water quality. Often times, habitat loss and urban
development produce both conditions. In order for B. marinus tadpoles to be so successful under these
adverse conditions, most habitat degradation must either only affect canopy cover or water quality, and
not both. I would expect that in areas where water quality has been degraded and canopy cover has been
lost, that B. marinus tadpoles would have low survivorship and high rates of mortality compared to areas
where only one of these factors is present. Clearly, this research has created many more questions
which require further research.
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